Comment
Derivatives of 1,4-dihydropyridine (DHP) are often prescribed as calcium-channel blockers, effective in the treatment of angina and hypertension (Triggle, Langs & Janis, 1989; Hurwitz, Partridge & Leach, 1991) . Nifedipine [(i) ; dimethyl 2,6-dimethyl-4-(2-nitrophenyl) -1,4-dihydropyridine-3,5-dicarboxylate] has been shown to undergo a photodecomposition sequence (see below) forming nitrosopyridine and finally a nitropyridine product (Rowan & Holt, 1995) . This decomposition has been reported to be wavelength sensitive, with UV radiation believed to cause aromatization of the 1,4-dihydropyridine ring and reduction of the nitro group to a nitroso moiety. Daylight, followed by air oxidation, leads to re-oxidation of the nitroso group to a nitro function. The observation of ~his decomposition sequence has led to concern about its shelf life, packaging and potency (Nfinez-Vergara, Sunkel & Squella, 1994; Sadana & Ghogare, 1991; Hayase, Itagaki, Ogawa, Akutsu, Inagaki & Abiko, 1994) .
Oxidation of the 1,4-dihydropyridine ring to pyridine is reported to significantly diminish activity in some cases (Loev, Goodman, Snader, Tedeschi & Macko, 1974) . The nitropyridine decomposition product has been identified as one of the major metabolites of the parent 1,4-dihydropyridine compound (Shibanuma, Iwanami, Fujimoto, Takenaka & Murakami, 1980) and has been reported to be as much as 1000 times less active (Squella, Zanocco, Perna & Ndnez-Vergara, 1990) . Some of the oxidized derivatives, however, do display some activity.
Structure-activity relationships (SAils) for 1,4-dihydropyridine compounds suggest that planarity of the hetero-ring correlates with increased activity, as does a perpendicular orientation of the phenyl ring with respect to the hetero-ring (Triggle, Langs & Janis, 1989) . These structural features are present in the decomposition products.
CI8HI9N20~'.NO3-, C25H32N206 AND C27H36N206
While there is abundant information about the effects of identity and position of substituents on the phenyl ring and at the 2 and 6 positions of the DHP ring upon activity, there is somewhat conflicting evidence about the influence of changes in the alkyl moiety of the ester group substituted at C(3) and C(5) (Loev, Goodman, Snader, Tedeschi & Macko, 1974; Rodenkirchen, Bayer, Steiner, Bossert, Meyer & Moeller, 1979; Bossert, Horstmann, Meyer & Vater, 1979) . We have made a systematic study of the conformational changes associated with changes in the ester alkyl groups of DHP compounds (Rowan & Holt, 1996b) . In an extension of this work, we have chemically oxidized a number of these compounds in order to observe the patterns of structural change with the aromatization of the heteroring and thus to assess possible reasons for the loss of activity of the decomposition products with respect to their unoxidized parent compounds.
3-Ethoxycarbonyl-5-methoxycarbonyl-2,6-dimethyl-4-(3-nitrophenyl)pyridinium nitrate, (1), dineopentyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate, (2), and dihexyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate, (3), crystallize, as anticipated, with planar pyridine tings. Aromatization of the DHP ring mandates that the C(7) and C(10) atoms of the phenyl ring are collinear with the C(4) and N(1) atoms of the pyridine ring and thus the 4-phenyl ring is fully extended from the hetero-ring and not in a pseudo-axial position.
Aromatization of the 1,4-dihydropyridine ring results in the loss of the H atom at N(1), removing possible hydrogen-donor activity with the receptor site.
The angles between the planes of the phenyl and pyridine rings are 39.1, 35.2 and 21.2 ° in (1), (2) and (3), respectively, compared with the angle of 13 ° observed for the active nifedipine molecule. Decomposition thus results in significant non-orthogonality of the two-ring system.
The conformation of the ester groups changes significantly with decomposition. In the majority of the more than 30 reported crystal structures of members of the nifedipine family, the ester carbonyl groups are found to be nearly coplanar with the nearest double bond in the DHP ring, with the carbonyl group oriented either cis (sp, synperiplanar) or trans (ap, antiperiplanar) with respect to that bond (Triggle, Langs & Janis, 1989) . In the decomposition products, the carbonyl groups of the esters are no longer coplanar with any double bond in the pyridine ring ( Fig. 1) . This moves the O atoms of the ester groups out of the possible optimum position for hydrogen bonding with the receptor site. (c) Fig. 1 . Projection views of (a) 3-ethoxycarbonyl-5-methoxycarbonyl-2,6-dimethyl-4-(3-nitrophenyl)pyridinium nitrate, (b) dineopentyl 2, 6-dimethyl -4 -( 3 -nitrophenyl ) pyridine -3,5 -dicarboxylate and (c) dihexyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate, with ellipsoids shown at 50% probability levels.
3-Ethoxycarbonyl-5-methoxycarbonyl-2,6-dimethyl-4-(3-nitrophenyl)pyridinium nitrate, (1), the decomposition product of nitrendipine, was found to exhibit no activity.
It could therefore be concluded that the conformational changes arising upon decomposition abolish the calcium antagonistic properties of the 1,4-DHPs, due to changes in ester position, the positioning of the phenyl rings and possibly loss of hydrogen-bonding potential to the 1,4-dihydropyridine ring.
Experimental
For the preparation of 3-ethoxycarbonyl-5-methoxycarbonyl-2,6-dimethyl-4-(3-nitrophenyl)pyridinium nitrate, (1), a solution of 2g (5.55 mmol) of ethyl methyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate (nitrendipine) and 2 N HNO3 (100 ml) was refluxed for 4 h. The resulting solution was extracted with methylene chloride (CH2C12). The organic layer was washed twice with water, dried with Na2SO4 and the CH2C12 removed under reduced pressure. The resulting oil was dissolved in ethyl acetate and upon slow evaporation, yielded clear crystals of (1) suitable for Xray diffraction analysis. For the preparation of dineopentyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate, (2), a mixture of 4 g of neopentyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate and 5 N HNO3 (100 ml) was warmed to 353 K. The mixture was stirred for 30 rain and extracted with CHC13. The organic layer was washed twice with water and then concentrated to yield clear crystals of (2). For the preparation of dihexyl 2,6-dimethyl-4-(3-nitrophenyl)-pyridine-3,5-dicarboxylate, (3), a solution of hexyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate (0.01 mol, 5.0g), potassium permanganate (0.01 mol, 1.58 g), montmorillonite KSF (3.42 g) and benzene (60 ml) was refluxed for 24 h. After the benzene was removed, the resulting oil was dissolved in hexane which yielded clear transparent crystals of (3) upon slow evaporation.
Compound (1) Crystal data SHELXL93 (Sheldrick, 1993 (4) C(4)--C(5) 1.224 (4) C (4)----C(7) 1.463 (5) C (5)--C(6) 1.13 (2) C (5) (6) C(6)--C(6' ) 1.389 (4) C (7)--C(12) 1.491 (5) C (7)---C(8) 1.399 (4) C (8) 
Compound (3)
Crystal data Dm not measured 1.341 (7) C (7)---C(8) 1.344 (9) C (7)---C(12) 1.512 (9) C(8)--C(9) 1.384 (10) C(9)--C(10) 1.493 (8) C (10)---C(I 1) 1.424 (9) C(1 l)---C(12) 1.187 (9) C(1 I)---N(2) 1.326 (7) C (13)----C(14) 1.452 (7) C (14)---C(I 5) 1.399 (8) C (14)---C(16) 1.470 (9) C (14)--C(17) 1.508 (10) C(I 8)---C(19) 1.377 (10) C(I 9)---C(20) 1.182 (11) C (19) Mo Ka A variable scan rate and a scan width of 0.6 ° below Ka~ and 0.6 ° above Ko~2 to a maximum 20 value of 50 ° were used. Refinement was completed using full-matrix leastsquares methods. 3-Ethoxycarbonyl-5-methoxycarbonyl-2,6-dimethyl-4-(3-nitrophenyl)pyridinium nitrate, (1), crystallizes with disorder in the methyl and ethyl ester positions and also in the position of the nitrate group. The terminal ethyl C(5"') atom refines to an occupancy of 80.4%. There are two partially occupied positions [C(99') (7.7%) and C(99") (11.9%)] attached to the methyl C(3") atom, indicating that the ethyl group exists as 80.4% [as shown in Fig. l(a) ] and 19.6% in two other positions involving the C(3") atom on the opposite side of the molecule. There are two sets of nitrate O-atom positions about the N(3) atom. Those shown refine to 65.4% occupancy, whereas a second set [0(6), 0(7) and 0(8); occupancy 34.6%] lie on a plane 85 ° from that shown. Dineopentyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate, (2), shows disordered Hatom positions at the methyl C(2') and C(6') atoms. Only one group is shown in Fig. l(b) . Dihexyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate, (3), has disordered nitro groups [70% attached to C(9) and 30% bonded to C(I 1)]. The H atoms on the C(9) and C(11) atoms were not included in the refinement. The positions of major occupancy are shown in Fig. 1 (c) . The two N atoms and four O atoms were refined with isotropic displacement parameters.
For all compounds, data collection: XSCANS (Siemens, 1991 ); cell refinement: XSCANS; data reduction: XSCANS; program(s) used to solve structures: SHELXS86 (Sheldrick, 1990 ). Program(s) used to refine structures: SHELXL93 (Sheldrick, 1993) for (1) and (3); SHELXS86 (Sheldrick, 1990) for (2). For all compounds, molecular graphics: XP (Siemens, 1990) Lists of structure factors, anisotropic displacement parameters, atomic coordinates and complete geometry have been deposited with the IUCr (Reference: PA1238). Copies may be obtained through The Managing Editor, International Union of Crystallography, 5 Abbey Square, Chester CHI 2HU, England.
